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Abstract  
Normally, a concrete structure is fabricated by incorporating steel bars as 
the main reinforcement into the concrete mix. Nowadays, new material 
can be used to replace the steel bars by using steel fibre. In this method, 
the steel fibre is randomly distributed in the mould before the concrete 
slurry takes place. In this study, high grade cement slurry (grade 80) was 
used. In order to determine the behaviour of the steel fibre as 
reinforcement in concrete, three different percentages of steel fibre (3%, 
4%, 5%) were used along with control samples which did not contain steel 
fibre. Hooked-end steel fibre with a length of 60 mm, a diameter of 0.75 
mm and an aspect ratio of 80 was used. Prisms used in this study 
measured 100 mm x 100 mm x 500 mm. The behaviour of steel fibre was 
investigated by using a two-point load test until failure occurred. The 
load-deflection data was recorded from the two-point load test and the 
mode of failure after the two-point load test was also observed. Based on 
the results, it was concluded that the optimum steel fibre content in this 
report was 5 % by volume fraction which provided the highest flexural 
strength and deflection. The modes of failure occurred near the centre of 
the prisms and the cracks started from the bottom at an angle of almost 
90 degrees. With this significant indicator established, the demand for 
housing can be identified so that the supply of reinforced concrete can 
be properly allocated. 
Keywords—Steel fibre, slurry infiltrated fibre reinforced concrete, hooked-
end fibre, load-deflection and modes of failure 
1. INTRODUCTION 
Concrete is a structure that is very weak in tension. Therefore, it 
requires additional material to enhance its tension capacity [1]. Steel 
bars are normally used as the material of choice for tensile 
reinforcement in concrete. The steel bars have to be placed 
strategically inside concrete where tensile stresses are expected. The 
use of properly designed steel reinforced concrete has allowed 
concrete to be safely used in many structural applications [2]. However, 
an alternative material known as steel fibre was introduced to replace 
steel bars as reinforcement material. In the early 19th century, asbestos 
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fibre was the first fibre used as concrete reinforcement. Steel, glass and 
synthetic fibres were used in concrete in the 1960s because of the 
difficulty in handling asbestos fibre [3].  
The use of steel fibre reinforced concrete (SFRC) has steadily 
increased during the last two decades [4]. Considerable developments 
have been taken place in the field of SFRC. Current SFRC applications 
include highway and airfield pavements, hydraulic structures, tunnel 
linings and more [5]. The addition of steel fibres significantly improves 
many of the engineering properties of mortar and concrete, notably 
impact strength and toughness. Tensile strength, flexural strength, 
fatigue strength and spalling ability are also enhanced [6].  
Moreover, the addition of fibres makes the concrete more 
homogeneous and isotropic. Therefore, fibre-added concrete becomes 
more ductile. When concrete cracks, the randomly-oriented fibres arrest 
the micro cracking mechanism and limit crack propagation, thus 
improving strength and ductility [7]. Fibre reinforced concrete can be 
classified into three groups based on fibre volume fraction and fibre 
effectiveness. The groups are very low volume (< 1% fibre volume), 
moderate volume (1-2 % fibre volume) and high volume (>3% fibre 
volume) [8]. For normal fibre concrete, the limitation of the fibre volume 
(Vf) is between 1 % and 2 %, Meanwhile, slurry infiltrated fibre concrete 
has a fibre volume between 5 % and 30 % [9].  Slurry infiltrated fibre 
concrete is one of high performance fibre reinforced concretes. Slurry 
infiltrated fibre concrete is made by distributing short discrete fibres in 
the mould to its full volume or designed volume fraction, and then 
infiltrated by a fine liquid cement-based slurry or mortar. The fibres can 
be sprinkled by hand or by using fibre-dispending units for large sections 
[10]. 
The main objective in this study is to investigate the behaviour of 
high performance slurry infiltrated fibre reinforced concrete under 
flexural load and to observe the mode of failure.  Three different steel 
fibre percentages of 3%, 4% and 5% were tested and compared with 
control specimens without steel fibre. Cement slurry (grade 80) was used 
and combined with steel fibre to produced high performance slurry 
infiltrated fibre reinforced concrete. Furthermore, prisms measuring 100 
mm x 100 mm x 500 mm were used in this study and the flexural strength 
test based on the British Standard BS 1881-118 (1983) [11] was used for 
the determination of flexural strength. 
2. MATERIALS AND METHODS 
The materials used in this research include cement, silica fume, fine 
sand, superplasticizers, water and steel fibre.  
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Cement 
The cement used in this project was Type I ordinary Portland cement 
manufactured according to MS 522: Part 1: 1989 Specifications for 
Ordinary Portland Cement.  
Silica Fume 
Densified silica fume which contains more than 92% of silica dioxide 
(SiO2) with particle size ranging between 0.1 μm to 1 μm and a surface 
fineness of 23700m2/kg was used. 
Fine Sand 
Washed/sieved fine sand with particle size ranging between 100μm and 
1000μm was used. 
Superplasticizer 
The superplasticizer used was polycarboxylic ether (PCE) based 
superplasticizer. 
Cement Slurry 
The mix design of the cement slurry is summarised in Table 1. 
Table 1. Mix design of Grade 80 slurry 
 
Mass(k
g) 
Specific Density 
(kg/m3) 
Volume 
(m3) 
G80 premix 2000 2727 0.733 
Superplasticiz
er 
47 1070 0.044 
Total Water 224 1000 0.224 
Total 2271  1.001 
 
Steel Fibre 
The properties of the steel fibre are shown in Table 2 and Fig. 1. The 
weight of steel fibre was calculated based on the density of the steel 
fibre. 
Table 2. Hooked-End Steel Fiber Parameters 
Commercial 
Name 
Length (mm) Diameter 
(mm) 
Aspect 
Ratio 
Cho80/60nb 60 0.75 80 
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Fig. 1: Hooked-End steel fibre 
Table 3. Weight of steel fibre used 
Steel Fibre Volume Weight ( in kilogram) 
3% 1.17 
4% 1.56 
5% 1.95 
 
Mixing Procedure 
Table 4 summarises the time and volume of the mixing process. Initially 
70% of the liquid material was poured into the concrete mixer, followed 
by 15% in the last 10 minutes and the final 15% in the last 5 minutes. 
Table 3. Weight of steel fibre used 
Time of mixing 
Volume of the Liquid Material 
(Superplasticizer and Water) 
First 15 to 20 minutes 70% 
Last 10 minutes 15% 
Last 5 minutes 15% 
 
Casting and Curing Process 
At first, the steel fibres need to be placed in random directions 
according to their percentages. After that, the cement slurry is poured 
into the mould as illustrated in Fig. 2. The slurry is poured into the mould in 
three stages with light vibration at every stage. Finally, the mould is 
placed at room temperature for 48 hours for the hardening process to 
take place. The samples then undergo a curing process for 28 days. 
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Fig.2: Slurry infiltration process 
 
Test Procedures 
A two-point loading test was conducted based on the British Standard 
BS 1881-118 (1983) which is a method for the determination of flexural 
strength. This method describes the determination of flexural strength of 
test specimens in the centre zone using two-point loading (BSI, 1983) 
[11]. 
The specimen was placed at the centre of the flexural machine with 
two supports and two loading arrangements as illustrated in the 
schematic diagram in Fig. 3. The loading was applied at the centre of 
the specimen and transmitted to the two-point loading until failure 
occurs. The load was directly measured by the unit test machine while 
the vertical deflection and load reading appeared on the machine 
screen. The vertical deflection was measured by linear variable 
differential transducers (LVDT) located at the centre of the specimen 
using a magnetic stand. The load and deflection data required for 
each test specimen was recorded by data logger UCAM-70A. 
 
 
 
 
 
 
Fig. 3: Two-point loading test arrangement (all dimensions in mm) 
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3. RESULTS AND DISCUSSION 
Two-Point Test 
Table 5: Flexural Load (kN) 
Percentage 
of fibre (%) 
No. of 
samples 
Flexural 
Load (kN) 
Average Flexural 
Load (kN) 
0 
1 
2 
3 
21.74 
22.89 
22.04 
22.23 
3 
1 
2 
3 
46.31 
42.63 
45.05 
44.66 
4 
1 
2 
3 
59.25 
53.97 
58.21 
57.14 
5 
1 
2 
3 
63.03 
69.73 
65.86 
66.21 
 
Table 6: Flexural Strength (MPa) 
Percentag
e of fibre 
(%) 
Average Flexural 
Load (kN) 
Average Flexural strength 
(MPa) 
0 22.23 8.93 
3 44.66 17.86 
4 57.14 22.86 
5 66.21 26.48 
 
Table7: Average Deflection and Flexural Strength 
Percentage
s of Fiber 
(%) 
Average 
Flexural 
strength 
(MPa) 
Average Deflection (mm) 
0 8.93 0.70 
3 17.86 2.92 
4 22.86 3.20 
5 26.48 4.10 
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The results from the two-point loading test are tabulated in Table 
5 and 6. The flexural strength increased constantly with the steel fibre 
volume. The highest flexural strength obtained in this research was 26.48 
MPa with 5% of fibre by volume fraction. From the results, the lowest 
flexural strength was obtained by the control sample (without fibre) at 
only 8.93 MPa. With the addition of steel fibre, the flexural strength of the 
samples increases. This is due to the bridging effect of randomly 
distributed steel fibres in the specimens. The bridging effect of the steel 
fibre increases the strength, toughness and ductility of concrete. The 
deflections of the prism are summarised in Table 7. The highest 
deflection value for prisms containing 5% of steel fibre is 4.10 mm. The 
relationships between flexural strength and deflection are illustrated in 
Fig. 4. The highest deflection is 4.10 mm at the maximum flexural strength 
of 26.48 MPa. The higher the flexural strength, the higher the deflection 
value. This is because tougher structures with high flexural strength 
require higher deflection before failure occurs. 
 
 
 
 
 
 
Fig. 4: Load vs Deflection curve 
Fig. 4 shows the Load-Deflection behaviour of the tested specimens. The 
area under the load-deflection curve shows the ductility of the 
specimen. Larger areas under the curve represent more ductile 
specimens. The control specimens have the smallest area under the 
load-deflection curve because no steel fibres are present to enhance 
the ductility of the specimens. Specimens containing 3% of steel fibres 
specimens achieved medium deflection. There was only a slight 
difference in the load-deflection behaviour of 4% and 5% steel fibre 
specimens. This result indicated that the steel fibre content should be 
within this range to achieve good bonding between the steel fibres and 
the cement slurry. The 5% steel fibre specimens achieved the largest 
area in the graph compared to other fibre content. This is because 
denser specimens have increased matrix density which provide good 
bonding between the slurry and the fibres. The maximum amount of 5% 
steel fibre specimens also increased the bridging effect between the 
steel fibres and subsequently increased the flexural strength as well the 
deflection. 
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Mode of Failure 
The mode of failure for each volume fraction of steel fibre is shown in 
Fig. 5 until Fig. 8. All specimens showed almost the same failure mode 
with vertical cracking measuring about 90 degrees. From Fig. 5, the 
control specimens broke into two in the middle part of the specimen. 
The specimens with 3% and 4% steel fibres obviously showed that the 
cracks started from the flexural-tension area and reached the flexural 
compression area as illustrated in Fig. 6 and Fig. 7. This is because the 
steel fibres settled at the bottom of the mould during the vibration 
process, hence weakening the upper part of the sample. Specimens 
with 5% steel fibre in Fig. 8 showed that cracks occurred at the flexural-
tension area and nearly reached the compression area with only minor 
damage to the specimens. This is because 5% steel fibre is the maximum 
fibre content placed in the specimens. Therefore, the steel fibres were 
very dense and did not settle at the bottom during the vibration 
process. 
 
 
 
 
Fig. 5: Steel Fibre (Control Specimen) 
 
 
 
 
 
Fig.6: Steel Fibre 3% 
 
 
 
 
 
Fig.7: Steel Fibre 4% 
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Fig.8: Steel Fibre 5% 
CONCLUSION 
From the analysis of the results and observations of the experimental 
work, the conclusions that can be made from this research are as 
follows:  
a) The flexural strength increases constantly with the increment of 
steel fibre content. The amount of steel fibre used affects beam 
strength. 
b) The maximum content of hooked-end steel fibres which is able to 
obtain the highest strength is 5% by volume fraction. 
c) The mode of failure for all specimens was almost vertical (close to 
90 degrees). The cracking occurred from the flexural-tension area 
until the flexural-compression area for 3% and 4% of steel fibres 
while cracking only occurred at the flexural-tension area for 5% of 
steel fibre. 
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